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In this paper we describe an experimental study, reported in 
this article are trial manufacture of composite tooth material 
from unsaturated polyester as matrix and glass bead as filler and 
results of experimental studies in its mechanical properties, 
abrasion properties, surface profile and micro-properties of 
fracture. 
As a result of this series of tests and experiments, it was 
found that, with filling glass beads by 30 wt.%, abrasion quantity 
of the composite material falls to 1/4 of that of unsaturated 
polyester resin, and abrasion resistance is improved remarkably. 
By filling glass beads, tensile and bending strength, elongation 
and deflection become smaller. In terms of elastic modulus, the 
composite material has tendency to show increase in dry condition, 
while to show decrease in wet condition. It is fairly expectable 
to have composite artificial teeth having glass beads by 30 wt.%. 
1. INTRODUCTION 
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Resin teeth have advantages in easiness in grinding and putting into 
shape, adhesive property, corrosion resistance, and being light in 
weight and cheap in cost, but they are inferior in abrasion resistance 
and hardness. In order to make up such disadvantages, composite arti-
ficial teeth of resin and glass beads have come up.O~~ Reported in 
this article are results of experiments in respect of mechanical pro-
perty, abrasion characteristics, etc. conducted with trial-manufactured 
composite artificial teeth of unsaturated polyester as @atrix and glass 
beads as filler. 
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2. EXPERIMENTAL PROCEDURES 
Unsaturated polyester (U.P.) is one of the most widely used resins 
for F.R.P. (Fiber Reinforced Plastic).~ Process of manufacture of 
U.P. is that unsaturated dibasic acid was esterized in the first place, 
either alone or in combination with saturated dibasic acid, under 
temperature in the neighborhood of 200°C in inert gas such as carbonic 
acid gas or nitrogen gas; thence unsaturated alkyd, solid or viscous 
under room temperature, having 2,000-3,000 molecular weight and acid 
value of less than 50, was resolved into monomer together with a little 
quantity of polymerization inhibiter to obtain transparent liquid 
resin of lemon-yellow. This liquid resin is thermo-setting plastic 
which can be cured by adding polymerization starter. IV U.P and glass 
beads used in these experiments were "POLYLITE FH-164" made by Dai-
Nippon Ink Chemical Industries Co., Ltd. and "3000CP-Ol (for plas-
tics)" of 5-63 jJ- in diameter made by Toshiba, respectively. 
Glass beads was mixed with U.P. by 10, 20, 30, 40, 50 wt.%. It was 
then moulded to prepare plate specimens, from which long rectangular 
test pieces of 50 x 10 x 2rnm for No.2 Dumbell test and abrasion resis-
tance test 11) were made by machine work. Tension test and bending test 
were carried out in dry and wet conditions of the specimens. As for 
the wet condition, the specimen was first dipped in boiling water for 
2 hours, thence cooled down to rbom temperature and presented to test 
Table 1 The past records of the forward U.P. 
resin at 1978. 
1978 1977 
Content I) Content ratio Content Content ratio (ton ("10) (ton) ("10) 
Construction 56.200 32.5 52.200 33.8 material 
for 
Transporta-
tion material 39.100 22.6 31. 700 20.5 
Industrial 25.100 14.5 21.400 13.8 material F. R. P. 
Others 10.800 6.3 11.000 7.1 
Total 131.200 75.9 116.300 75.2 
for Moulding 13.900 8.1 12.600 8.1 
n on- Paint & dress- 21.100 12.2 18.800 12.2 ing plate F. R. P. 
Total 35.000 20.3 31.400 20.3 
Export 6.600 3.8 7.000 4.5 
All total 172.800 100.0 154.700 100.0 
1978 
1977 
("10) 
108 
123 
117 
98 
113 
110 
112 
111 
94 
112 
<D : Spec imen 
GO : Cylinder of mild steel 
Q) : Thermocouple 
®: Spring 
(2): Recorder 
~: Differential transmission 
Fig.l Schematic arrangement of the 
friction and wear test apparatus. 
immediately thereafter. 
Fig.2 Dimension of specimen 
and cylinder of mild steel. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
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Fig.3 shows relationship between bead blending ratio and tensile 
strength of U.P./glass bead composite artificial teeth. As the filler 
content increased strength dropped, sharply at first, then gradually. 
Strength of the teeth with 30 wt.% filler content (3.5kg/mm 2 ) was 56% 
of strength of U.P. (6.2kg/mm 2 ), but the strength in wet condition 
was 85% of that in dry condition. Relationship between blending ratio 
of the filler and elongation at the time of tensile failure is shown 
in Fig.4, from which it is found that as the blending ratio increased, 
the elongation dropped sharply, and when the blending ratio of the 
filler reached 30 wt.%, the elongation was 30% of that of simple 
substance of U.P., and it was saturated thereafter. The less in 
blending ratio, the smaller was in elongation with specimen in wet 
condition. When the blending ratio was more than 30 wt.%, no 
difference was observed between the specimens in dry and wet condi-
tions. Fig.5 shows moduli of longitudinal elasticity at different 
blending ratios. It was found that E increased linearly as the 
blending ratio of the filler of the specimen in dry condition inc-
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Fig.3 Relation between tensile 
strength and weight content 
of glass beads. 
I 
o . Dry condition 
• Wet condition 
I 0 0 0 I 
~ 0 ~-, I ~ I I ~ • I 
1 
10 20 30 50 
Weight content of glass beads (./.) 
Fig.5 Relation between Young's 
modulus and weight content 
of glass beads. 
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Fig.4 Relation between elonga-
tion and weight content of 
glass beads. 
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Fig.6 Relation between bending 
strength and weight content 
of glass beads. 
reased: E at 30 and 50 wt.% was 1.45 and 1.79 times as much respec-
tively. With the specimens in wet condition, no difference in elastic 
modulus was observed irrespective of filler content. Results of 
bending test of the specimens with different filler blending ratio are 
shown in Fig.6, from which it is known that bending strength falls 
very sharply as the filler content increased; i.e. 64.5% and 55.1% at 
30 and 50 wt.% respectively in case of dry specimens, while 47.9% and 
40.4% at 30 and 50 wt.% respectively in case of wet specimens, and 
this means that the bending strength of the wet specimen having 30% 
filler content was about 63% of that of dry specimen. Fig.7 shows 
bending deflections at the time of failure of the composite materials 
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Fig.7 Relation between deflec-
tion and weight content of 
glass beads. 
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Fig.8 Relation between bending 
elastic modulus and weight 
content of glass beads. 
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having different blending ratios. It was found that deflection dec-
reased as the blending ratio increased; i.e. the deflection decreased 
to 52% of that of the parent material when the blending ratio reached 
30 wt.%, but it was also noted that the deflection was saturated 
thereafter. Difference in deflection was observed between dry and wet 
composite materials having low blending ratio; specimen in wet 
condition gave deflection of 60-80% of that of dry specimen. Results 
of experiment with regard to bending elastic modulus are shown in 
Fig.8, from which it is noted that elastic modulus of the specimen in 
dry condition increased as the blending ratio increased, but on the 
contrary it decreased in case of the specimen in wet condition. This 
105 
106 
(a) Dry, glass beads 0 wt. % (d) Wet, glass beads 0 wt. % 
(b) Dry, glass beads 30 wt. % (e) Wet, glass beads 30 wt. % 
(c) Dry, glass beads 50 wt. % (f) Wet, glass beads 50 wt. % 
Photo.l The appearances of tensile fracture of unsaturated 
polyester/glass beads composite materials. 
Fig.10 Abrasion v s. time 
for unsaturated poly-
ester/g lass beads 
composite materials; 
load,12kg/cm 2 ; velo-
city ,52cm/ sec. 
(a) Glass beads 0 wt. % 
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Photo.2 The appearances of abrasion surfaces of unsaturated 
polyester/glass beads composite materials. 
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is attributable to remarkable drop in bending strength of the specimen 
in wet condition as the blending ratio increased. Fig~9 shows the 
results of observation of roughness of surface of each specimen by 
universal surface profile measuring machine (Kosaka Laboratory Co., 
Ltd.: TR-IOOX). It is noted from this Fig.9 that, although surface of 
the specimen in dry condition becomes a little more rough as blending 
ratio of filler increases, the specimen in wet condition gives extra-
ordinary rough surface, and this may be the reason why tensile and 
bending strength of the specimen in wet conditio~ is so inferior. 
Photo.l shows tensile fracture observed by a scanning type electron 
microscope, and dispersion of glass beads is clearly seen. In case of 
blending of 50 wt.%, beads are found filling very closely to almost 
the limit of composite material. Results of abrasion test conducted 
with composite artificial teeth having different blending ratios of 
glass beads are shown in Fig.lO,l~-l~ from which it is known that, 
when the filler content of glass beads reaches 30 wt.%, the abrasion 
quantity drops remarkably and is only 1/4 of the simple substance of 
the V.P .. It further falls to 1/5 as the blending ratio goes up to 
50 wt.%. Pictures of abrasion surface taken by scanning type electron 
microscope are shown in Photo.2, from which it is noted that inter-
granulation resin was abraded in the first place, glass beads in the 
next place, and it is observed very clearly how the deformation 
progresses in grain boundary. 
4. CONCLUSION 
The following summary can be made from the results of the present 
experiments. As a result of this series of tests and experiments, it 
was found that. 
1) With filling glass beads by 30 wt.%, abrasion quantity of the compo-
site material falls to 1/4 of that of V.P. resin, and abrasion resis-
tance is improved remarkably. 
2) By filling glass beads, tensile and bending strength, elongation 
and deflection become smaller. 
3) In terms of elastic modulus, the composite material has tendency to 
show increase in dry condition, while to show decrease in wet condi-
tion. 
4) It is fairly expectable to have composite artificial teeth having 
glass beads by 30 wt.%. 
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